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Purpose/Objective: The University Clinic Erlangen is 
equipped with phased array deep hyperthermia treatment 
devices. The implemented antennas in the hyperthermia 
applicator transmit steered radio waves to heat the target. 
Since the characteristics of the antenna can be varied due to 
adjustments of the device, QA measurements of the 
equipment are necessary. Generally, a phantom filled with a 
muscle-equivalent gel is used for the verifications. A mixture 
of water, TX 150 and NaCl was used for the standard 
phantom in Erlangen. This mixture, however, includes air 
bubbles (arising from the short pot life), that lead to massive 
artefacts. Moreover, only one measurement can be 
accomplished within 24 hours, as the material disperses the 
heat very fast in the phantom, yet the heat dissipates slowly 
into the surrounding air. Concerning these negative 
characteristics, investigations on a new phantom material 
were carried out. 
Materials and Methods: The phantom material should mimic 
the muscle in terms of permittivity εr and conductivity σ. The 
characteristics of muscle in the frequency range of 100 MHz 
are εr ≈ 66 and σ ≈ 0.71 S/m [Andreuccetti 1997]. The 
dielectric properties of seven different possible phantom 
recipes were measured with a Vector Network Analyzer 
(Rohde & Schwarz, Munich, Germany) with open-ended 
coaxial probes [Bobowski 2012]. Possible thickening agents 
were TX 150, PNC 400, gelatin or agar. NaCl, ethylene glycol 
and sugar were used to change conductivity and permittivity, 
respectively. Afterwards, the thermal properties were 
investigated using a BSD-2000/3D/MR (BSD Med. Corp., Salt 
Lake City, UT, USA) combined with a Magnetom Symphony 
1.5T MRT (Siemens, Erlangen, Germany). Since the thermal 
properties of the PNC 400 phantoms (either pure or mixed 
with agar) proved themselves most similar to the standard TX 
150 phantom in the MR thermometry images, further 
investigations were therefore performed with PNC 400. 
Various properties of the recipe were changed to ease the 
fabrication and to decrease the air bubbles, such as the order 
of the blended materials, the temperature during stirring and 
the amount of PNC 400 and ethylene glycol. 
Results: The standard recipe with TX 150 resulted in 
measured dielectric properties of εr ≈ 80 and σ ≈ 0.5 S/m. 
The new PNC 400 phantom gave measured properties of εr ≈ 
90 and σ ≈ 0.5 S/m and εr ≈ 70 and σ ≈ 0.2 S/m for PNC 400 
plus agar. We found that by heating pure water up to 85°C, 
adding the other ingredients followed by PNC 400 gave 
promising results regarding the number of air bubbles, 
transparency and thermometry response. The drawback is the 
same long cool-down time as of the standard phantom. 
Conclusions: The dielectric properties of the first 
investigated recipes were not completely in line with the 
muscle properties. But PNC 400 mixtures with different NaCl, 
ethylene glycol and sugar fractions and further measurements 
of the dielectric properties will result in a better standard 
phantom. 
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Purpose/Objective: Dosimetry films have certain advantages 
over matrices of diodes or ionization chambers because their 
high spatial resolution and flexibility in the use with a 
number of tissue equivalent phantoms for dosimetry in 
radiotherapy. Radiochromic films are easier to handle than 
radiographic films because they do not require processing 
after irradiation. Since Gafchromic EBT films were released 
two other generations, EBT2 and EBT3, became available. 
The purpose of this study was a comparison of physical 
properties of the three generations of Gafchromic films and 
their performance when used with flat bed scanners.  
Materials and Methods: The EBT, EBT2 and EBT3 films were 
cut to obtain 5 cm × 10 cm samples. The samples were 
exposed to UV radiation of sunlight and to Co-60 radiation 
and 6MV and 15 MV X-ray beams from the Varian Clinac2300 
linac. During X-ray irradiation the reference conditions were 
used. The exposed films were scanned with two types of 
EPSON flat bed scanners: PERFECTION V750 PRO and 
EXPRESSION 10000XL. The colour separation (red, green and 
blue) was performed to obtain digital images. The response 
curves of three types of films for different radiation energy, 
orientation of scanning and two types of scanners were 
generated and compared in each of colour channel. The 
orientation effect for each film type and for each scanner 
was evaluated as well as energy dependence and UV 
sensitivity. 
Results: For all colour channels the EBT films show much 
higher sensitivity to UV radiation compared to EBT2 and EBT3 
being the least sensitive. The sensitivity of the EBT films to 
X-rays is also the highest in respect to EBT2 and EBT3. Each 
type of films shows similar orientation effect for both 
scanners. There was no energy dependence observed for any 
of the film type in the examined energy range (Co60 and 
15MV X-rays). 
Conclusions: The reduction of sensitivity to UV radiation in 
subsequent generations of Gafchromic films was in 
correlation with lower sensitivity for high energy X-rays. 
Lower optical densities of EBT2 and EBT3 films may increase 
uncertainties during the dose measurements compared to the 
former EBT films. The Gafchromic films are a useful tool for 
pretreatment dosimetry verification of complex radiotherapy 
dose distributions (IMRT, VMAT etc.). 
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Purpose/Objective: Cutting-edge radiotherapy treatments 
(RT) require the use of increasingly smaller fields sizes. 
Therefore, it is essential to use detectors with appropriate 
collecting volumes and well understood dependence on 
energy, dose and dose rate. In this work, Exradin W1 
(Standard Imaging), a new plastic scintillator detector system 
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(PSD), has been characterized and tested both in small and 
standard radiation fields. 
Materials and Methods: The small size PSD (1 mm diameter, 
3 mm length, 0.0024 cm3 sensitive volume) signal was 
analysed by SuperMAX (Standard Imaging) electrometer. All 
measurements were executed in 3D water phantom (Sun 
Nuclear). An Elekta Synergy Linac provided a 6 MV photon 
beam. Short term stability, dose linearity and reading 
dependence on dose rate had been tested for 10x10 and 4x4 
cm2 fields. Profiles and Percentage Depth Dose (PDD) 
measurements were performed for fields ranging in size from 
1x1 to 25x25 cm2. Output Factors (OF) were measured for 
fields ranging from 0.6x0.6 to 40x40 cm2. PDD, profiles and 
OF results were compared to other detectors measurements 
with well-established commercial usage: EDGE Diode (Sun 
Nuclear) for small fields (up to 4x4 cm2 fields) and Semiflex 
(PTW) ionization chamber for standard fields. Energy 
dependence was analysed comparing W1 readings with 
measurements performed with a calibrated ionization 
farmer-type chamber (Exradin A19) for 6, 10, 15 MV photon 
beams. 
Results: W1 short term measurements showed a good 
stability: standard deviations are 0.5 % and 0.2 % for 10x10 
and 4x4 cm2 fields respectively. PSD dose linearity has been 
verified (r2 ≈ 1); dose rate readings from 37 to 700 MU/min 
showed a 1% maximum variation for both analysed fields. 
Profiles obtained by PSD are in agreement with those scanned 
by EDGE diode with 0.4 mm maximum penumbra variation for 
1x1 cm2 field; the comparison with profiles scanned by the 
Semiflex ionization chamber (IC) shows a 1.7 mm maximum 
penumbra difference for 25x25 cm2 field. W1 Full Width at 
Half Maximum (FWHM) measurements had a maximum 
difference of 0.3 mm for 1x1 cm2 field scanned with EDGE 
diode and 0.2 mm for 25x25 cm2 field obtained with IC. For 
small fields, PDD measurements performed with PSD exhibit a 
2 % maximum difference in the fall-off region in comparison 
with EDGE diode (fig. 1a).For standard fields, the comparison 
between PSD and IC showed a 1.9 % maximum discrepancy. 
OF values (fig. 1b), evaluated by W1 PSD and compared to 
those acquired by diode and IC, showed mean differences of 
1.7 % and 0.5 % respectively. W1 readings dependence on 




Conclusions: As suggested by the results obtained, W1 PSD 
could be used in relative dosimetry for all fields sizes 
(0.6x0.6 to 40x40 cm2). We think this scintillator could 
constitute a valid detector for small fields dosimetry.  
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Purpose/Objective: When a flatbed type scanner, not 
specifically made for radiotherapy dosimetry, is used to 
acquire Gafchromic film dosimetry data, error can occur in 
the measured pixel value. These errors result from the 
position dependent response of the scanner, the variation in 
thickness of the active layer in Gaf film which occurs during 
the manufacturing process, rotation of the film dosimeters 
and the scattered photons entering the film dosimeter 
scanning area. The purpose of this work is to determine the 
magnitude of these errors and propose methods to correct for 
these errors.  
Materials and Methods: To determine the positional 
dependent response of the flatbed scanner two types of tests 
were carried out. In the first test one whole unirradiated film 
was scanned. Average pixel value measured with the region 
of interest (ROI) covering whole film. Orthogonal profiles at 
five locations, covering the whole film were performed and 
average pixel value for each location was calculated. In the 
second test, the scanning area was divided into 12 equally 
spaced regions. A 2 cm2 piece of unirradiated film was placed 
in each position and scans were performed for each location. 
To determine the effect of film rotation, one 2 cm2 piece of 
